A 51 year old male with a history of right facial numbness developed progressive upper lip swelling for one year, but an MRI of the head was unremarkable. A wide local excision of the upper lip was performed and pathology revealed a 1.7 cm mass, poorly differentiated squamous cell carcinoma with perineural invasion. Surgical margins were free of tumor. Two months postoperatively, a hybrid PET-CT of the whole body was performed due to the persistent right facial numbness. The CT portion identified an equivocal lesion at the base of the right orbit correlating to the right infraorbital nerve. However, the PET-CT image revealed avid uptake in this location suggesting perineural invasion which was confirmed with biopsy of the right infraorbital nerve demonstrating carcinoma. Subsequently, the patient was treated with Intensity Modulation Radiation Therapy (IMRT) using MRI fusion for proper delineation of the right infraorbital nerve to its origin in the base of skull. This case exemplifies the superiority of hybrid PET-CT over CT or MRI alone in head and neck imaging which can lead to significant impact on management for patients with head and neck cancer.
Introduction
Perineural invasion occurs when the neoplasm invades the nerve sheaths and spreads in a contiguous fashion, tracking along the nerve branches, occasionally skipping areas. Perineural invasion has been associated as a poor prognostic feature of head and neck cancer (1). Detection of perineural invasion is commonly delayed since even radiographic evaluation with MRI, a highly sensitive tool for such detection, is unable to detect microscopic foci of perineural invasion (2). Earlier identification of occult involvement of peripheral nerves could potentially alter the management and prognosis of these patients with head and neck cancer.
Case Report
A 51 year old male presented to his internist with right facial numbness. The patient, a nurse, had no medical problems other than a remote history of a contralateral Bell's palsy. The patient was referred to a neurologist who obtained an MRI of the head which was interpreted as normal ( Figure 1 ). The patient was noted to have a 4mm upper lip swelling and was referred to an otolaryngologist. The lip lesion was without mucosal disruption and was left alone. The patient continued with no change in symptoms for 6 months and obtained a second opinion from another otolaryngologist when the lip lesion grew slightly larger. One year after the onset of facial numbness, the patient saw a third otolaryngologist primarily for the lip lesion which had grown to 1.7cm, at which time a biopsy was performed that was positive for squamous cell carcinoma. The patient then had a wide local excision of the upper lip with primary closure. Final pathology showed poorly differentiated squamous cell carcinoma with prominent perineural invasion. The tumor measured 1.7 cm in greatest dimension (pT1NxM0). All resection margins were free of tumor.
Two months after surgery, the patient still complained of right facial numbness and therefore underwent a hybrid [F-18] FDG PET-CT scan of the head, neck, chest, and abdomen. The CT portion (Figures 2a and 3a) was essentially normal on initial evaluation, but in retrospect after review of the PET portion, a subtle asymmetry in the size of the infraorbital nerve on the right was noted. The PET portion identified intense FDG uptake in the base of the right orbit, which is seen on the co-registered fused PET-CT images (Figures 2b and 3b ). Subsequently, a biopsy of the right infraorbital nerve was performed and confirmed the presence of carcinoma within the perineural sheath, consistent with perineural invasion (Figure 4 ).
Discussion
The case presented represents this uncommon though noted pattern of spread of malignant diseases in the head and neck region. While abnormal FDG uptake was noted in the right infra orbital region, (Figures 2c and 3c) , the combined PET-CT images (Figures 2b and 3b ) provided superior localization of the abnormal uptake focus resulting in a pathologic diagnosis of carcinomatous invasion of the right infraorbital nerve. The infraorbital nerve, which supplies the sensory function to the upper lip, is the large terminal branch of V2 nerve. The maxillary nerve originates in the middle cranial fossa and travels through the cavernous sinus and exits the skull base via the foramen rotundum to enter the pterygopalatine fossa which then leads to the inferior orbital fis-
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Bhatnagar et al. sure. At this juncture, the nerve is known as the infraorbital nerve. Once this nerve exits the infraorbital foramen at the base of the orbit, it divides into cutaneous branches on the lateral aspect of the nose, the lower eyelid, and the upper lip. The nerve's distribution offers one possible explanation of perineural spread of this carcinoma from the upper lip. Furthermore, the finding of prominent perineural invasion at the primary site is clearly a risk factor for this pattern of spread. Based on these constellation of findings and the route of spread, we conclude that this patient's carcinoma locally extended to the right infraorbital nerve by direct invasion.
The early detection of this perineural invasion was clearly identified by the hybrid PET-CT images rather than that of the CT alone or PET alone. This case is an example of the greater sensitivity of PET-CT imaging compared to CT in detection of persistent and/or recurrent malignancies. PET alone has been proven to be superior to CT or MRI to detect recurrences in head and neck cancer (4-6), but the added anatomic detail of the PET-CT would appear to have even greater specificity and sensitivity than PET alone. Limited data currently exists for PET-CT but has recently been shown to be superior to MRI for whole body oncologic staging (7). In addition to this report, there are other reports demonstrating the superiority of PET/CT in head and neck cancer (8-9). It is questionable whether PET alone would have led to this pathological diagnosis since the lack of anatomic detail would have made it very difficult to know precisely where to direct the biopsy to confirm the metastases as was done in this case. Thus, PET-CT has altered the clinical management of this patient since he will now receive intensity modulated radiation therapy (IMRT) to this specific site of disease instead of observation. The radiation therapy treatment volume included the entire nerve route as described above, from the skull base to the upper lip region. A head MRI was obtained to design the IMRT treatment plan for precise target delineation. The patient received 60 Gy with adequate sparing of surrounding critical structures such as the optic nerve, optic chiasm and the pituitary gland. This MRI-based IMRT plan is shown in Figure 5a and 5b. Cases such as the one described demonstrate the potential advantage of PET-CT compared to PET or CT alone which warrants prospective clinical investigation.
